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INTRODUCTION
The objective of this project was to address the hypotheses that: a) individual-level factors act jointly with the contextual-level social, built, medical access, and immigration environments to influence prostate cancer survival and risk within racial/ethnic groups, and b) these effects contribute to socioeconomic (SES) and racial/ethnic disparities in prostate cancer survival and risk. The primary goal was to address the role of contextual factors on racial/ethnic and SES disparities in survival after prostate cancer diagnosis.
1. For survival after prostate cancer diagnosis, the specific aims were to: a. Quantify the independent and joint effects of individual-level education and contextual-level SES on prostate cancer-specific survival and overall survival within racial/ethnic groups, and the extent to which behavioral and established prognostic factors contribute to these effects. b. Examine the extent to which individual-level education and contextual-level SES explain racial/ethnic variation in prostate cancer-specific and overall survival. c. Quantify the independent and joint effects of individual-and contextual-level immigration and acculturation factors on prostate cancer-specific and overall survival in Hispanic men, and the extent to which behavioral and established prognostic factors contribute to these effects.
2. For prostate cancer risk, the specific aim was to explore the independent and joint effects of individual-level education and contextual-level SES on prostate cancer risk within racial/ethnic groups.
BODY

Statement of Work
The statement of work and associated report of progress is shown below. The timeline was expanded to incorporate an approved 9-month no-cost extension.
Task 1.
Study and data set-up. 1a.
Obtain IRB approvals (months 1-6) 1b.
Determine interview data comparability and compute derived variables (months 1-6) 1c.
Clean addresses of cases and controls (months 1-3) 1d.
Transmit data to Cockburn USC lab for geocoding (months 4-6) 1e.
Prepare contextual data (months 1-6)  prepare existing social and built environment datasets  collect business and destinations data  collect medical facilities data o collect OSHPD hospital utilization data, create bed size and ownership variables o compute % race/ethnicity in each hospital, based on registry data 1f.
Append interview data to contextual data (months 7-9) 1g.
Compute distance and travel time to facilities in GIS (months 10-12) 1h.
Compute distance buffers in GIS for determining distance to businesses (months 10-12) 1g.
Merge case data to CCR data to obtain most updated follow-up information (months 10-12) Deliverables: Multilevel datasets for conducting analyses relevant to specific aims.
This task was completed as planned. Residential addresses of cases and controls were geocoded by Dr. Cockburn and linked to neighborhood social and built environment characteristics from the California Neighborhoods Data System (CNDS), as described below.
California Neighborhoods Data System: Neighborhoods were defined as the census block group for most of the social and built environment measures, shown in the Table below. Businesses, parks, and farmers markets were assessed at 1600m (approximately 1 mile) buffers, and traffic density was assessed at 500m. The block group unit comprising an average of 1,500 residents (ranging between 600 and 3,000 residents) and is a more homogenous level that better represents communities or neighborhoods through which individuals participate in health behaviors, access services and receive health care, than the commonly used census tract.
As diagnosis and interview years for cases and controls spanned 1997-2003, we used neighborhood data anchored around the 2000 decennial Census.
Summary of Social and Built Environment Data and Measures used in the Study
Contextual Data
Data Source Description of measure We were not able to link hospitals for cancer patients via their California Cancer Registry (CCR) hospital numbers to utilization data in the OSPHD database because CCR discontinued the use of OSPHD hospital ID numbers. Thus, we derived our own hospital-level variables that we have used in other research and which have been shown to be predictive of a number of cancer outcomes. These variables are: racial/ethnic composition based on race/ethnicity of cancer patients in a given hospital, SES distribution based on neighborhood SES of cancer patients in a given hospital, and NCI-cancer center designation. Table 1a in the Supporting Data section shows the distribution of patient, neighborhood, and hospital characteristics for the cases in the survival analysis dataset, which includes cases from the Northern California and Southern California studies. The built environment variables include population density, total number of businesses, street connectivity (blocks, intersections, street segments), traffic density, commute, restaurant environment, retail food environment, parks, and farmers markets; and the social environment variables include neighborhood SES, housing. In our case series of 1800 prostate cancer cases, 60% (N=1080) were from LA County, and 62% (N=1114) were of advanced stage disease (the studies over-sampled advanced stage cases). With regards to SES, more than one-third (37.2%) had high school or less education, while 34.2% were college graduates. With regards to neighborhood factors, more than one-third (34.7%) of cases lived in the highest statewide quintile using our composite SES index. About half (50.4%) had 1-2 parks and 77.4% had no farmers markets within a one mile radius of their residence. 11% of the cases were seen at an NCI-designated cancer center, and nearly half (48.6%) lived within 5 miles of their hospital, calculated using the greater circle distance method.
The Tables 3-8 . We conducted Cox proportional hazards analysis to examine the independent effects of each neighborhood characteristic on overall and prostate cancer survival, the independent and joint effects of neighborhood SES and case-level education, and the extent to which the neighborhood characteristics accounted for racial/ethnic differences in survival. Because cases were not heavily clustered in neighborhoods, multi-level models (e.g., frailty survival models) would not have been appropriate; we did adjust all models for block-group clustering. We ran sequential models adding in various explanatory variables (behavioral, clinical prognostic, hospital factors) to examine the extent to which these factors accounted for neighborhood associations.
In the overall sample of 1800 cases from Northern and Southern California, there were 557 deaths (30.9%), of which 218 (39.1% of all deaths) were due to prostate cancer. Table 3 shows the associations of case-level education and neighborhood SES, independently and jointly, with all-cause and prostate cancer-specific survival, adjusting for demographic and clinical characteristics. Cases with lower education (high school or less) was associated with a 46% increased rate of death when compared to cases with higher education (college or higher); this increased death rate was not seen for prostate-specific deaths. We also observed significant associations of lower neighborhood SES with higher mortality (p-trend < .01), with those in the lowest neighborhood SES quintile having 75% higher rate of death than those in the highest SES neighborhood quintile. This pattern of association with also observed for prostate-specific deaths, but the confidence intervals were wider considering the smaller number of events, and only statistically significant when comparing quintile 1 to quintile 5 (hazard ratio (HR) = 1.85 (1.11-3.07)). In a model with both education and neighborhood SES, these associations were generally attenuated but still statistically significant. Finally, in a model that looks at education and neighborhood SES jointly using a combination variable (low education/low neighborhood SES, low education/high neighborhood SES, high education/low neighborhood SES, high education/high neighborhood SES), we found evidence of increased rates of death for all joint categories when compared to high education/high neighborhood SES, for all cause deaths, but statistically increased rate of death for prostate-specific deaths only for the low education/low neighborhood SES category (HR = 1.81 (1.23-2.66)). These results support the prognostic importance of both individual-level education and neighborhood SES on survival after prostate cancer.
Tables 4-7 show the hazard ratios for all-cause deaths associated with race/ethnicity, neighborhood SES, and case-level education, adjusted sequentially for behavioral factors + hospital characteristics (Model 3), restaurant index (Model 4a), retail food environment index 1 (Model 4b: (convenience stores + fast food restaurants)/supermarkets), retail food environment index 2 (Model 4c: (convenience stores + fast food+liquor stores)/supermarkets), retail food environment index 3 (Model 4d: (convenience stores + fast food)/(supermarkets + farmers markets)), and retail food environment index 4 (Model 4e: (convenience stores + fast food + liquor stores)/(supermarkets + farmers markets)). In Table 4 , Blacks had higher mortality than non-Hispanic Whites (HR = 1.40 (1.15-1.70)) after adjusting for tumor and treatment factors. Adjusting for neighborhood SES reduced this mortality difference to 1.17 (0.94-1.46), and additional adjustment for behavioral factors and hospital patient SES composition further reduced the HR to 1.11 (0.89-1.39). Mortality for Hispanics was similar to non-Hispanic Whites. The higher mortality rates associated with lower neighborhood SES was attenuated somewhat after adjusting for behavioral factors (co-morbidities, BMI, smoking, physical activity) and hospital patient SES composition, and further attenuated after adjusting for the various restaurant and retail food environment measures, but still statistically significant in most SES categories. In Table 5 , the higher mortality among Blacks was slightly attenuated (HR = 1.26 (1.03-1.55) after adjusting for individual education. The higher mortality for cases with high school or less education was attenuated only slightly with adjustment for behavioral factors, hospital SES, and restaurant and food environment factors (HR from 1.46 to 1.41). In Table 6 , neighborhood SES and case-level education are included in the same model, and in Table 7 , they are combined -neighborhood SES x education; in both models, further adjustment for behavioral, hospital, and restaurant and food environment characteristics only partially attenuated the associations seen for neighborhood SES and neighborhood SES x education. These results show that neighborhood SES completely explained the mortality differential between Blacks and non-Hispanic Whites, while individual-level education partially explained the difference. The associations of neighborhood SES and individual-level education with mortality were only slightly explained by behavioral, hospital, and restaurant and food environment characteristics.
With regards to prostate-specific mortality (data not shown), in our data, Blacks had worse survival, albeit nonsignificant, than non-Hispanic Whites (HR = 1.20 (0.87-1.64)), after adjusting for tumor and treatment factors. This difference was entirely reduced when adjusting for neighborhood SES in the model (HR = 0.97 (0.68-1.39)). Adjustment for behavioral, hospital, and restaurant and food environment characteristics did not attenuate the significantly higher mortality among cases in the lowest SES quintile relative to the highest SES quintile.
With regards to distance to facilities, as noted earlier, nearly half (48.6%) of cases lived within 5 miles of their hospital, and another 30.8% lived between 5-10 miles. There were only 3 cases who lived 50 miles or more from their hospital, and there were no deaths occurring within this group. As seen from the table below, there are no associations between distance to hospitals and all-cause or prostate cancer-specific mortality. In most literature examining distance, significant effects, if seen, are generally evident for large distances. It is likely that, in our sample, the distances are not large enough allow us to detect a significant effect.
Distance to Hospital
All 
50+ Miles
0 0 -- -- 0 0 -- --
Continuous
1.00 0.99-1.00 0.99 0.9-1.01 Models adjusted for age, race/ethnicity, study site, hospital clustering, and stratified by stage. Table 8 shows the associations of individual-level immigration factors (nativity, age at immigration, and percent of life in the US) and neighborhood ethnic enclave with mortality. We conducted analyses with nativity and ethnic enclave together in one model (Model 1), age at migration and ethnic enclave together in one model (Model 2), % of life spent in the U.S. and ethnic enclave together in one model (Model 3), and nativity and enclave as a combination variable (Model 4). Each of the individual-level immigration variables showed lower mortality associated with being foreign-born, older age at migration, and less percentage of life spent in the US. However, residence in a low enclave is associated with lower mortality relative to residence in a high enclave. These associations were relatively unchanged whether the individual-level and neighborhood-level measures were in the same models or not. When nativity and enclave were considered together as a combination variable, we noted that the lower mortality within the low enclaves were only seen among foreignborn cases, although this estimate was based on a very small number of cases (N=31) and deaths (N=3). The addition of additional covariates, including education, neighborhood SES, behavioral factors, hospital characteristics, and retail food environment did not attenuate the significant associations (data not shown).
There were no statistically significant associations seen for any of the immigration factors with prostate cancerspecific mortality, likely due to small numbers of events. (data not shown)
These results show that, among Hispanic prostate cancer cases in LA County, overall mortality after prostate cancer diagnosis was lower among those who are foreign-born, who immigrated at a later age, and/or who spent a lower proportion of life in the US. In addition, overall mortality was lower among Hispanic cases in low enclaves compared with Hispanic cases in high enclaves. These associations were not affected by individual or neighborhood SES, behavioral, hospital, or other neighborhood characteristics.
Task 3. Conduct analyses for Aim 2: case-control risk analyses. 3a.
Conduct case-control analyses (months 29-32) 3b.
Prepare and submit manuscript describing results from Aim 2 (months 33-36) Deliverables: Completed analyses and manuscript for Specific Aim 2.
This task was completed as planned. This aim was limited to cases and controls from Northern California given that controls were matched to cases on neighborhoods in Southern California. Thus, due to the limited statistical power due to the smaller sample size, we considered Aim 2 an exploratory aim.
Adjusted odds ratios were computed separately for localized stage and for advanced stage cases. Table 9 shows the associations of case-level education, neighborhood SES, and social and built environment factors with prostate cancer risk. For both localized and advanced stage, in base models (adjusted only for age, race/ethnicity, and block-group clustering), increasing neighborhood SES is associated with increased risk, however, this association is largely attenuated after adjusting for established prostate cancer risk factors and neighborhood factors, although the association comparing quintile 5 to quintile 1 for advanced stage remains statistically significant (OR = 2.27 (1.18-4.35)) as is the p-value for trend. In contrast to the directionality of association for neighborhood SES, higher levels of education is associated with reduced risk of advanced prostate cancer, and association that remains statistically significant even after adjusting for established risk factors (OR = 0.65 (0.45-0.94) comparing college graduate to < high school graduate). Table 9 also shows the associations of each social and built environment factors with risk of localized and advanced stage prostate cancer. Although some characteristics are statistically significant in the base model, the only significant associations remaining in the fully adjusted model are: population density (OR = 0.47 (0.23-0.96) comparing Q3 to Q1 for localized stage, and % living in the same house for advanced stage (OR = 0.633 (0.41-0.96) comparing Q4 (higher proportion in block group living in same house over past 5 years) to Q1).
The effects of adjusting sequentially for each set of prostate cancer risk factors, and social and built environment factors on the ORs for education and neighborhood SES are shown in Table 10 for localized stage and Table 11 for advanced stage. Education and neighborhood SES are also modeled separately (separate models), together (both in the same model), and jointly (combination variable of education x neighborhood SES). The addition of individual risk factors include family history, BPH, prostatitis, PSA tests, and BMI, and the neighborhood factors population density, crowding, and residential mobility has the largest impact on attenuating the association of neighborhood SES with risk for localized and for advanced stage prostate cancer. The neighborhood factors gamma (street connectivity), total businesses, traffic density, restaurant environment, and parks, did not impact the neighborhood SES association.
We did not have adequate numbers of subjects to conduct these analyses stratified on racial/ethnic groups.
Thus, despite smaller sample sizes, we did find significant associations of increasing neighborhood SES with increased risk of localized and advanced prostate cancer, more than two-fold increased risk comparing the highest SES quintile to the lowest SES quintile. For localized prostate cancer, this association was largely explained by prostate cancer risk factors as well as certain neighborhood characteristics, specifically population density, crowding, and residential mobility. Neighborhoods that are more dense, have more crowded households, and have less population mobility are associated with lower localized prostate cancer risk. However, for advanced prostate cancer, the more than two-fold association of neighborhood SES (quintile 5 compared to quintile 1) remained statistically significant even with adjustment for behavioral and neighborhood characteristics.
For both Aim 1 and 2, we conducted recursive partitioning analyses to examine whether any of the contextual variables were statistically significant for particular patient subgroups and did not find this to be the case for prostate cancer risk or survival.
KEY RESEARCH ACCOMPLISHMENTS
 Created multilevel data comprising individual-and contextual-level data for population-based series of prostate cancer cases and controls.  Found that a multi-component measure of socioeconomic status (SES) at a small-area level corresponding to the neighborhood of residence accounted for disparities in survival/mortality between Blacks and nonHispanic Whites. An individual-level measure of SES -educational level -only partially accounted for the survival disparity.  The multi-component measure of neighborhood SES was itself independently associated with survival/mortality after prostate cancer diagnosis. As only a portion of this association was explained by behavioral, hospital, and restaurant and food environment characteristics, additional research is needed to identify the factors and mechanisms underlying the robust association between neighborhood SES and mortality after prostate cancer diagnosis.  Among Hispanic prostate cancer cases in LA County, overall mortality after prostate cancer diagnosis was lower among those who are foreign-born, who immigrated at a later age, and/or who spent a lower proportion of life in the US. In addition, overall mortality was lower among Hispanic cases in low enclaves compared with Hispanic cases in high enclaves. These associations were not affected by individual or neighborhood SES, behavioral, hospital, or other neighborhood characteristics.  Found increased prostate cancer risk associated with increasing levels of neighborhood SES, more than two-fold increased risk of localized or advanced cancer comparing the highest to the lowest SES quintile. For localized disease, this association was largely explained by prostate cancer risk factors as well as certain neighborhood characteristics, specifically population density, crowding, and residential mobility. Neighborhoods that are more dense (more per capita residents), have more crowded households (household occupants), and have less population mobility are associated with lower prostate cancer risk. For advanced disease, the association with neighborhood SES was not explained by any available individual or neighborhood factors.
REPORTABLE OUTCOMES
 We submitted a grant to the DOD PCRP Disparities Announcement in 2013 to follow-up on the findings from this study, specifically to further examine racial/ethnic disparities in treatment, and role of families, institutions, and neighborhoods in the disparities. This grant was not funded.  We submitted an R01 grant to the National Cancer Institute (NCI) in Spring 2014.  The results also provided guidance to analyses for a currently-funded R01project investigating contextual factors and prostate cancer risk within the MultiEthnic Cohort (MEC) study.  Two manuscripts describing the salient results are currently in preparation.
CONCLUSION
In this study, we demonstrated the importance of neighborhood factors, particularly socioeconomic status, in prostate cancer risk and survival, and in explaining the higher mortality among Blacks compared to nonHispanic Whites. We also found significant associations of residence in a Hispanic ethnic enclave on mortality. This was an efficient study leveraging several available individual interview and geospatial datasets. These results indicate that additional research targeted to understanding the factors and mechanisms underpinning the neighborhood socioeconomic status associations with risk and survival, may help inform future interventions to ameliorate disparities particularly higher risk and mortality of disease among Blacks.
APPENDICES
None. Missing group includes those with denominator=0 but numerator=0 2 Alpha measure=Ratio of the actual number of complete loops to the maximum number of possible loops given the number of intersections. Gamma measure=Ratio of actual number street segments to maximum possible given the number of intersections All models shown are multivariate stage-stratified Cox proportional hazards regression models, with cluster adjustment for census block groups, adjusted for age, race, study site, tumor characteristics, treatment and presence of subsequent tumor(s) 
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